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Previous research has documented that type 2 diabetes mellitus (T2DM) is associated 
with cognitive impairment. Psychological variables were repeatedly investigated to 
understand why T2DM patients are poorly active, despite standards of medical care 
recommends performing aerobic and resistance exercise regularly and reducing the 
amount of time spent sitting. This exploratory study aims to investigate how affective 
variables as thoughts, feelings, and individuals’ stage of exercise adoption can modulate 
low cognitive performances during an experimental procedure based on exercise. The 
Exercise Thoughts Questionnaire (ETQ), Exercise-Induced Feeling Scale (EFI), and Physical 
Activity Stage of Change were administered to a sample of 12 T2DM patients. The Bivalent 
Shape Task (BST) alone (BST), BST with exercise [control exercise recovery (CER) + BST], 
and BST with metabore"ex [post-exercise muscle ischemia (PEMI) + BST] were used as 
mental task, and response time to congruent, incongruent, and neutral stimuli was 
recorded. Concomitant cerebral oxygenation (COX) was evaluated by near-infrared 
spectroscopy (NIRS). As expected, T2DM patients performed signi#cantly better when 
the stimulus was presented in congruent trials (followed by neutral and incongruent). In 
the CER + BST session, T2DM patients showed longer reaction time to incongruent trials 
than in the PEMI + BST and BST alone sessions. Positive feelings toward exercise seem 
to modulate cognitive performances in high challenging task only if T2DM patients were 
conscious to play exercise. These results could provide some insights for health intervention 
targeting exercise for patients with T2DM in order to enhance cognitive performances.

Keywords: type 2 diabetes mellitus, exercise, cognitive impairment, near-infrared spectroscopy, attentional task

INTRODUCTION

Diabetes is one of the fastest growing health challenges of the 21st century: the number of 
adults living with diabetes, estimated currently equal to 463 million, having more than tripled 
over the past 20  years. Type 2 diabetes mellitus (T2DM) corresponds to the most prevalent 
type of diabetes in the world: its increasing rate is connected to growing urbanization and 
changing lifestyle habits (International Diabetes Federation, 2017).
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Regular exercise, together with a healthy diet, represents the 
most important preventive factor for people at risk of type 2 
diabetes. Exercise improves insulin resistance and blood glucose 
control, increases balance and coordination, enhances brain 
plasticity, cardiorespiratory endurance, and well-being. Exercise 
has bene"cial e#ects on the control of many factors related to 
diabetes (lipid pro"le, hypertension, and obesity; Tuomiletho 
et al., 2001; Lunghi et al., 2019a) and allows to reduce medication 
number and/or dosage (Balducci et  al., 2012). $e 
recommendations of the International Diabetes Federation (IDF) 
for managing type 2 diabetes encourage intensive therapeutic 
lifestyle changes such as exercise, the reduction of cholesterol, 
and the dietary intake of saturated fat (Aschner, 2017). More 
speci"cally, moderate aerobic physical activity such as walking 
for at least 150  min per week at intervals of no longer than 
48  h was recommended. Resistance exercise such as moderate 
weightli%ing or yoga can also be  included. A more intensive 
physical activity program including at least 275  min per week 
may be  needed to assist weight loss and avoid regaining it 
(International Diabetes Federation, 2017).

Although the literature is very large and the bene"ts of 
exercise are now well known (Lunghi and Sale, 2015; Tomas-
Carus et  al., 2016; Podolski et  al., 2017; Lunghi et  al., 2019b), 
inconsistent "ndings were sometimes reported (Zhao et  al., 
2018; Cooke et  al., 2020; Dyer et  al., 2020).

Exercise can in&uence cognitive functions by increasing 
brain activation and cerebral blood &ow and perfusion (Rooks 
et al., 2010; Dupuy et al., 2015). Exercise increases (on average 
of one-half standard deviation) cognitive performance, 
independently of the cognitive task, the characteristics of 
participants, and the training method (Colcombe and Kramer, 
2003). Executive function enhancement was reported a%er 
6 months of aerobic training (Baker et al., 2010), while functional 
plasticity of response inhibition process improved a%er 12 months 
of resistance training (Liu-Ambrose et al., 2012). $e engagement 
in simultaneous exercise and cognitive training (dual-task 
training) has been shown to improve cognition beyond the 
e#ects of the single underlying components (Cooke et al., 2020).

T2DM patients show an incidence double of cognitive 
impairment compared to non-diabetic adults (Lyu et al., 2020). 
In several cognitive domains as attention, processing speed, 
visuospatial abilities, memory, executive functions, and semantic 
&uency, poor performances in T2DM patients were o%en 
reported (van den Berg et  al., 2009; Palta et  al., 2014; Fava 
et al., 2017; Zhao et al., 2018; Sun et al., 2020). Neuropsychological 
cross-sectional studies (Manschot et  al., 2007; Brundel et  al., 
2010) and longitudinal studies (van Elderen et al., 2010) found 
brain atrophy and white matter loss in patients with T2DM. 
More recently, systematic reviews and meta-analyses were also 
conducted, con"rming these "ndings (cfr. Sadanand et  al., 
2016; Zhao et  al., 2018; Cooke et  al., 2020). Despite the 
increasing evidence, to date, the exact underlying mechanisms 
explaining cognitive dysfunction in T2DM remain unclear.

Exercise has been supposed to improve cognition by di#erent 
mechanisms, directly or indirectly connected to glucose 
metabolism control, as increased synaptogenesis and 
neurogenesis, enhanced cerebral perfusion, reduced in&ammation, 

increased availability of neurotrophins and neurotransmitters, 
and reduced cerebral atrophy (Tomas-Carus et al., 2016; Cooke 
et al., 2020). $us, exercise may be useful to improve cognitive 
processes as executive functions and to reduce cognitive 
impairment (Secher et  al., 2008; Baker et  al., 2010; Kim et  al., 
2011; Zhao et  al., 2020); however, in T2DM patients, impaired 
cerebral blood &ow and oxygenation during exercise were 
reported (Kim et  al., 2015; Vianna et  al., 2015), producing 
relevant costs in addition to the well-known bene"ts.

A similar pattern was also observed in response to stimulation 
of metabore&ex (Delaney et al., 2010; Crisafulli, 2017) generated 
by metabolites accumulating in the muscle during contraction 
(Boushel, 2010). Muscle metabore&ex activated by metabolites 
accumulating in the muscle during contraction can enhance 
similarly the reduction of cerebral oxygenation (COX) and can 
impair cognitive functions and produce early fatigue (González-
Alonso et al., 2004; Rasmussen et al., 2010). $erefore, in T2DM 
patients, the overlapping of a high-demand cognitive task to 
exercise could undermine the optimal neuronal environment. 
In a previous study conducted with patients su#ering from 
metabolic syndrome (MS), we have observed that the connection 
between a concurrent mental task and metabore&ex can hesitate 
in a reduction of COX and in a deterioration of cognitive 
performance (Guicciardi et  al., 2019; Doneddu et  al., 2020).

Moving from these premises, we  want to explore the 
contribution of a#ective states in their interplay with exercise, 
metabore&ex, and cognitive performance in a group of T2DM 
patients. A#ective responses to exercise, as positive feelings or 
negative thoughts, were already investigated in T2DM patients, 
mainly to explain low adherence and retention rates to exercise 
(Guicciardi et al., 2014a) or to assess the feasibility and e'cacy 
of speci"c exercise programs, as high-intensity interval training 
(Terada et  al., 2013). However, more recent studies pointed 
out that a#ective states can be  considered as regulators of 
exercise performance (Hartman et  al., 2019).

Since the results obtained in the laboratory are o%en not 
easily generalizable to everyday life, we  have also considered 
the assessment of the stage of exercise adoption, which has 
been proven to be a useful tool to target exercise interventions 
in T2DM patients (Kim et al., 2004; Kirk et al., 2010). Namely, 
we  contrasted the two stages of preparation and action, which 
were considered critical to adopt an active lifestyle by individuals 
su#ering from T2DM (Guicciardi et  al., 2014b).

$us, the present study intends: (a) to extend previous "ndings 
obtained with MS patients to a sample of T2DM people and 
(b) to investigate in an explorative way the contribution of 
a#ective variables (i.e., adoption, feelings, and thoughts toward 
exercise) as moderators of the relationship between cognitive 
performance and exercise in a group of T2DM patients.

MATERIALS AND METHODS

Participants
A group of 12 T2DM patients was enrolled ["ve women, 
mean  ±  standard deviation (SD) of age 49.5  ±  10.0  years] on 
the basis of the following criteria: clinical history of T2DM for 
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at least 1 year (range 1–6 years), stable metabolic condition (HbA1c 
level <9% at the time of the study), and absence of signs or 
symptoms of peripheral neuropathy. All patients were on medication 
with oral hypoglycemic agents; 11 with insulin (Table  1).

Instruments
$e Exercise $oughts Questionnaire (ETQ; Kendzierski and 
Johnson, 1993) measures by 25 items how frequently exercisers 
have exercise avoidant thoughts. Participants respond to a 
5-point Likert scale with 5 anchored by “all the time” and 1 
anchored by “not at all.” Typical items include “I have not 
got time,” “I’ll do it tomorrow,” and “I’m too busy.” $is 
instrument was already used to assess negative thoughts toward 
exercise in T2DM patients (Guicciardi et  al., 2014a).

$e Exercise-Induced Feeling Inventory (EFI; Gauvin & Rejeski, 
1993) measures by 12 adjectives four feeling states: revitalization, 
tranquility, positive engagement, and physical exhaustion. $e 
items are rated on a 5-point scale from 0 to 4, where 0 stands 
for “do not feel at all” and 4 stands for “feel very strongly.” 
$is instrument was already used to assess positive feelings 
toward exercise in people at risk for T2DM (Masters et al., 2011).

$e stage of exercise adoption (SEA) was assessed by asking 
participants to choose which of "ve statements, each representing 
a stage of change, described their current exercise commitment 
(Marcus et  al., 1992). $e stages of change can be  distinct 
on: precontemplation (not regularly physically active and no 
thought to become active in the next 6 months); contemplation 
(not regularly physically active but aiming to start in the next 
6  months); preparation (doing some physical activity but not 
enough to meet the description of regular physical activity); 
action (regularly physically active but only begun in the last 
6  months); and maintenance (regularly physically active for 
more than 6  months). $is instrument was already used to 
assess exercise adoption in T2DM patients (Kirk et  al., 2010; 
Guicciardi et  al., 2014b).

$e Bivalent Shape Task (BST; Esposito et  al., 2013) is a 
simple and fast nonverbal measure of cognitive interference and 
suppression that requires the participant to determine whether 
a shape at the center of the screen is a square or a circle. Two 
response targets are provided below the stimulus, one shaped 
as a circle and one as a square. $e target circle is always on 
the le%, and the square is always on the right. $e participant, 
equipped with a mouse, is asked to click the response target 
corresponding to the center of the screen stimulus shape, ignoring 

stimulus and target color. $e stimulus shape is presented in 
red, blue, or an un"lled black outline; response targets can 
be  presented in red or blue. $ree trial types exist: neutral 
(black or white stimulus); congruent (the stimulus color matches 
the response target color); incongruent (the stimulus color 
mismatches the response target color). $e task was performed 
using an open source programming language (cross-platform) 
created to implement psychological tests. $e response times 
were recorded in ms. $e BST was already used as a mental 
task in a group of adults su#ering from MS (Guicciardi et al., 2019).

$e near-infrared spectroscopy (NIRS; Nonin, SenSmart 
X-100, Plymouth, MN, USA) was used to assess COX, providing 
a measure of oxygenated hemoglobin (Hb) in the brain tissue. 
NIRS was already used to assess COX during mental tasks 
(e.g., calculation), BST interference tasks, or Stroop tests in 
the general population (Plichta et al., 2006; Ferreri et al., 2014) 
and in MS patients (Guicciardi et  al., 2019; Doneddu et  al., 
2020). Researchers placed two NIRS sensors in the subject’s 
right and le% sides of the forehead above the eyebrow (between 
Fp1 and F3 regions, international EEG 10–20 system) and 
adjusted according to the stronger signal. COX variations are 
representative of cortical activation (Strangman et  al., 2002). 
Researchers considered the relative changes of NIRS signals 
vs. the baseline values; indeed, the absolute concentration of 
Hb cannot be  obtained, since the path length of NIRS light 
within the brain tissue was unknown.

Procedure
All participants, after a medical examination, were assigned 
in a random order to five sessions. All sessions lasting 
12  min were composed of four blocks (3  min per block) 
spaced by a recovery of 15  min (cfr. Guicciardi et  al., 2019, 
and Doneddu et  al., 2020, for more details):

 a. BST session comprises a rest period of 6  min, 3  min of 
mental task and 3  min of further recovery.

 b. Control exercise recovery (CER) session comprises a rest 
period of 3 min, 3 min of rhythmic (i.e., 30 compressions/
min) dynamic handgrips in the nondominant hand using 
a dynamometer, a rest period of 3  min.

 c. Post-exercise muscle ischemia (PEMI) session comprises 
3  min of resting, followed by 3  min of exercise, as in the 
CER session, followed by 3  min of PEMI on the exercised 
arm induced by rapidly in&ating an upper arm biceps 
tourniquet to 50 mmHg above peak exercise systolic pressure. 
$ree minutes of recovery was further allowed a%er the 
cu# was de&ated, for a total of 6  min of recovery. $is 
maneuver has been demonstrated to be capable of eliciting 
the metabore&ex-induced hemodynamic stimulation and 
able to detect cardiovascular abnormalities (Crisafulli, 2017).

 d. CER  +  BST session comprises a rest-exercise protocol (the 
same used for CER). $e exercise phase was followed by 
a BST session and a recovery period each for 3  min.

 e. PEMI  +  BST session comprises the rest-exercise protocol 
utilized for PEMI, followed by a block including both 
PEMI and BST. Finally, the session was concluded with 
3  min of recovery.

TABLE 1 | Descriptive statistics of the sample.

Variables (range) Mean SD

Age 49.50 10
BMI 30.54 5.78
Blood pressure (max) 123.75 14.94
Blood pressure (min) 82.08 10.54
Plasma glucose 106.58 12.96
HbA1c 6.42 0.73
Duration of diabetes (years since diagnosis) 3.17 1.58

BMI, body mass index; HbA1c, glycated haemoglobin.
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$is study was designed according to the recommendations 
of the Code of Ethics for Research in Psychology, Italian Association 
of Psychology. $e protocol was approved by the ethics committee 
of the University of Cagliari. All subjects gave written informed 
consent in accordance with the Declaration of Helsinki.

Data Analysis
Only data relating to sessions where BST was included were 
analyzed (BST, CER  +  BST, PEMI  +  BST). A preliminary check 
of data was executed (Kolmogorov-Smirnov test) to determine 
whether variables were normally distributed. A%er controlling for 
age and body mass index (BMI), repeated measures analyses were 
carried out to assess: (a) response times (ms) on BST and (b) 
change in COX (% from rest). Further explorative analyses were 
conducted on a#ective response test scores using a repeated measures 
ANCOVA with the individual’s stage of exercise adoption as an 
independent variable and the positive feeling state as a covariate.

Statistics were carried out utilizing SPSS ver. 24.0. A value 
of p  <  0.05 (statistical signi"cance) was set up in all cases.

RESULTS

Descriptive statistics are reported in Table  1.
A%er controlling for age [F(2,20)  =  2.266, p  =  0.130, eta 

squared  =  0.185] and BMI [F(2,20)  =  0.547, p  =  0.587, eta 
squared  =  0.052] through two ANCOVAs, repeated measures 
analyses showed that, overall, the three sessions with the BST 
(PEMI  +  BST, CER  +  BST, and BST) were not associated with 
di#erences on response times [F(2,22)  =  1.715, p  =  0.203, eta 
squared  =  0.135; Table  2a].

As for the BST performance, as expected, results showed 
a main e#ect of the type of trial variable, showing that 
participants performed signi"cantly faster when the stimulus 
was presented in congruent trials, followed by neutral and 
incongruent ones [F(2,22) = 12.951, p = 0.000, eta squared = 0.541]  
(Table  2b).

Moreover, only CER  +  BST [F(2,22)  =  5.102, p  =  0.015, 
eta  =  0.317] and BST [F(1.318,22)  =  6.837, p  =  0.140, eta  =  0.383] 
showed signi"cant di#erences between congruent, neutral, and 
incongruent stimuli (Figure  1). Marginal mean comparisons 
with Sidak adjustment showed di#erences associated with 
congruent and incongruent stimuli for CER + BST (p = 0.013) 
and BST (p  =  0.011) sessions and with neutral and congruent 
stimuli for BST (p  =  0.004; Table  2c).

$e COX expressed as the cerebral oxygenation percentage 
variation from rest level signi"cantly increased during the third 
minute of all sessions. Post hoc analysis revealed that CER + BST 
(M  =  103.10; SD  =  2.89) and post-PEMI  +  BST (M  =  102.24; 
SD  =  2.00) showed more increases (p  >  0.05) compared to 
BST session alone (M  =  100.36; SD  =  1.10).

To better understand these di#erences, the individual’s stage 
in the exercise adoption (dichotomized in preparation/action) 
was added into the analysis, together with the positive feelings 
and the negative thoughts toward exercise. A correlational 
analysis (Spearman’s rho coe'cient) among all a#ective response 
scores showed a signi"cant negative relationship between negative 
thoughts to exercise and stage in exercise adoption (Table  3).

A%er controlling with Mauchly’s test that the assumption 
of sphericity had not been violated [χ2

(2)  =  0.911, p  =  0.634], 
an ANCOVA was performed using stage of exercise adoption 
as a group factor, response time at sessions as a repeated 
dependent variable, and positive feeling about exercise as a 
covariate. In relation to CER  +  BST session, a signi"cant 
interaction e#ect did not emerge between the stage of exercise 
adoption and congruence, but the positive feelings were a 
signi"cant covariate [F(2,18)  =  3.714, p  =  0.045, eta  =  0.292], 
suggesting that this a#ective variable represents a source of 
variability that might have an e#ect on the outcome.

DISCUSSION

$e ability to exercise regularly is critical for functional 
independence and well-being of adults su#ering from T2DM. 
Hence, identifying factors that in&uence exercise adoption and 
cognitive impairment among adults with diabetes has important 
clinical and public health implications.

Executive functions are necessary for behavior change and 
may have the potential to a#ect an individual’s capability to 
successfully adopt and maintain exercise (Olson et  al., 2017). 
Successful management of diabetes is determined by the 
implementation of strategies able to mitigate the impairment 
of executive functions (Zhao et  al., 2020).

Exercise appears to be a useful tool for T2DM patients 
because it reduces cognitive impairment and diabetes 
complications. However, exercise adoption requires more time 
and deliberate e#ort than just diet modi"cation or medications 
taking, and it is perceived as a di'cult and signi"cant 
modi"cation of the way of life (Guicciardi et  al., 2014a). $us, 
is imperative to understand how to support these changes 
(Conversano, 2019) by identifying the psychological variables 
that facilitate exercise adoption and act as protective factors 
toward cognitive impairment.

TABLE 2 | Response time mean and standard deviation.

Mean SD

a) BST 853.19 133.77
CER + BST 890.63 177.03
PEMI + BST 861.17 178.86

b) Congruent 843.18 155.76
Neutral 872.67 148.43
Incongruent 889.14 174.63

c) BST Congruent 819.14 138.16
CER + BST Congruent 867.43 181.16
PEMI + BST Congruent 842.98 165.69
BST Neutral 864.21 123.16
CER + BST Neutral 887.03 176.91
PEMI + BST Neutral 866.77 161.88
BST Incongruent 876.57 150.48
CER + BST Incongruent 917.42 181.34
PEMI + BST Incongruent 873.77 213.27

BST, bivalent shape task; CER, control exercise recovery; PEMI, post-exercise muscle 
ischemia.
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$e main aims of the present study were: (a) to depict 
the cognitive performance in T2DM patients during exercise, 
with the association of a mental task (BST) to metabore&ex 
activated by means of the PEMI and (b) to extend the 
understanding of cognitive impairment during exercise in a 
group of T2DM people, introducing a#ective variables as 
feelings and thoughts toward exercise and the individual’s 
stage in the exercise adoption.

With regard to cognitive performance, the mean response 
time did not di#erentiate the three sessions where a mental 
task was imposed. As expected, the T2DM patients, as well 
as the general population (Esposito et  al., 2013), performed 
better with congruent trials compared to neutral and incongruent 
ones. However, when the interaction between type of sessions 
and type of BST trials was observed, T2DM patients performed 
worse in the CER  +  BST session, showing a linear increase 
of response times. $ese results are consistent with the neural 
ine'ciency hypothesis (Zarahn et  al., 2007), wherein higher 
brain activation is associated with worse task performance, 
suggesting that T2DM patients do not e'ciently allocate cognitive 
resources to support high demanding mental tasks. Indeed, 
incongruent trials require participants to suppress the interferent 
immediate response to the stimulus color and consider only 

the relevant information (stimulus shape) to give the correct 
response. $is interference does not appear in the PEMI + BST 
session and in the BST alone session, where the mean response 
time for incongruent stimuli was equal to neutral ones. Similar 
"ndings were also reported by Holtzer et  al. (2018) using a 
dual-task walking with T2DM older adults.

$e capacity to suppress the immediate response is crucial 
to manage T2DM because the acquisition of new behavior 
requires the inhibition of a habit (e.g., sitting a%er meals) 
and replacement with a healthier behavior (i.e., going for  
a walk; Settineri et  al., 2019).

$is impaired capacity is more amazing because CER + BST 
and PEMI  +  BST sessions showed a similar increase of COX 
compared to BST alone, con"rming that both implicate a 
metabolic expenditure involving equivalent levels of sympathetic 
tone (Crisafulli, 2017).

Feelings about exercise seem to offer a supplemental 
explication of this phenomenon because only in the 
CER + BST session do positive feelings affect mean response 
times. Ratings of pleasure-displeasure were already used as 
indicators of the severity of the homeostatic perturbation 
during exhaustive exercise (Hartman et  al., 2019). Studies 
conducted in the healthy population indicate that changes 
along the dimension of pleasure-displeasure can be considered 
the main channel by means of homeostatic perturbations 
entering consciousness and dictating corrective action, as 
slowing down or stopping exercise (Damasio and Carvalho, 
2013). However, to date, to the best of our knowledge, this 
is the first time that affective responses and cognitive 
performances were jointly investigated during exercise in 
T2DM patients. The different contributions of positive feelings 
to cognitive performance claim for a deeper analysis of 
affective process and open new perspectives on exercise 

FIGURE 1 | Mean response time and standard error (bars) by sessions and trials. BST, bivalent shape task; CER, control exercise recovery; PEMI, post-exercise 
muscle ischemia.

TABLE 3 | Correlations among psychological variables.

EFI SEA ETQ

EFI 1
SEA 0.025 1
ETQ −0.444 −0.590* 1

EFI, Exercise-induced feeling scale; SEA, stage in exercise adoption; ETQ, exercise 
thoughts questionnaire.
*p < 0.05.
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prescription and self-care in T2DM patients (see Martino 
et  al., 2020, for a similar suggestion).

Although structured exercise interventions have been shown 
to be e#ective in increasing physical activity levels and improving 
cardiovascular "tness and glycemic control during the 
intervention period, there is little evidence that these strategies 
have e#ects in the long run, if people are not supported in 
changing their habits. However, to support some form of lasting 
change, it is necessary to know what mechanism can counteract 
the emotional stress experienced by T2DM patients during 
exercise (Armstrong and Sigal, 2015; Guicciardi et  al., 2015) 
and in the course of daily life (Tomas-Carus et  al., 2016; 
Martino et al., 2019). Positive feelings appear to play a protective 
role against the distress caused by exercise in T2DM patients 
who are performing, in an experimentally controlled condition, 
an attentional interference task, but further studies are needed 
to assess their contribution in everyday life.

Data related to the e#ects of experimental sessions on 
response times were examined and used to infer information 
about the brain mechanisms associated with mental task while 
conducting an exercise. $e di#erent mean response times for 
the congruent and incongruent stimuli in two equivalent 
conditions of metabolic expenditure (CER  +  BST and 
PEMI + BST) should be emphasized: while in the PEMI + BST, 
there is not a signi"cant di#erence between congruent and 
incongruent trials’ response times, in the CER  +  BST, the 
incongruent trials are answered slower than the congruent 
ones. It seems that participants have experienced the di'culty 
of the coupling of exercise and cognitive demand more in 
a condition than in the other. While CER + BST is an explicit 
condition of physical exercise, the PEMI  +  BST emulates the 
metabolic expenditure produced by exercise by means of the 
enhancement of the sympathetic tone and sympathetic nervous 
system (SNS) activity (Boushel, 2010). A possible explanation 
of our "ndings is that the disadvantage of the most demanding 
trial condition (the incongruent one) becomes more evident 
when an exercise is explicitly required. Moreover, it is 
noteworthy that the contribution of positive feelings, as already 
noted, appears only in the CER  +  BST session as if the 
a#ective response to exercise manifests itself only when the 
brain predicts that some perturbation will change the general 
homeostasis. $is tentative hypothesis is further supported 
by "ndings that the ratings of perceived exertion are mostly 
unrelated to indices of metabolic strain (e.g., heart rate, blood 
lactate, and respiratory frequency) at low intensities (Hartman 
et al., 2019). $e results of our exploratory study are promising, 
but the small size of our sample does not authorize more 
speculations. More studies, as randomized controlled trials 
and large-scale studies, also looking for gender di#erences 
and age-related e#ects, should be  developed to investigate 
the mechanisms that regulate the relationships between a#ective 
response to exercise, consciousness, COX, and cognitive 
performances in T2DM patients.

Limitations of the Study
$e study su#ers some limitations. $is was a cross-sectional 
study with a small sample size and without a randomized 

control group. However, this study extends a previous one 
conducted with an MS group and a matched control group, 
in which the same experimental setting was used. $e indirect 
comparison between our consecutive studies dampens but does 
not eliminate this &aw. $e BST was already used with MS 
patients, but further studies are necessary to validate this task 
with T2DM patients. NIRS, compared to others neuroimaging 
techniques, su#ers from low spatial resolution, but its sensitivity 
to measure subtle changes in COX in the normal population 
and MS patients during cognitive tasks and exercise already 
has been proven.

In conclusion, patients with T2DM achieve worse cognitive 
performance when incongruent stimuli were presented during 
exercise, but not when the same stimuli were presented in 
a condition of equivalent metabolic expenditure. Moreover, 
positive feelings about exercise seem to modulate cognitive 
performance in T2DM patients in response to high requiring 
stimuli, only when an attentional task was associated with 
a deliberate practice.
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